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A Study on rotor position sensorless drive methods for switched reluctance motors 
Kenji Yamamoto 
Abstract 
The switched reluctance motor (SRM) has some strong advantages in harsh 
environments, such as high temperature, owing to its simple structure. Many methods 
have been proposed so far to eliminate the rotor position sensor, which is necessary to 
commutate the torque-generating current correctly but can not work in such harsh 
environments; however, none of these methods have been successful. 
An SRM, when used as a variable speed power source, requires a type of rotor position 
sensor (rotary encoder), because the current flowing into the motor needs to be properly 
commutated over the windings to continue its revolution. Therefore, many research and 
development efforts have been carried out in order to eliminate the sensor for controlling 
an SRM without it. The proposed systems to obtain the rotor position information without 
a rotary encoder can be divided into passive and active sensing methods. In a passive 
method, the phase current and voltage are measured and used to estimate to rotor position 
based on an analytical model of the motor. An active sensing system injects a signal—
pulse or single-tone current—into one winding and detects it in another winding. 
One serious problem in all the efforts, is that there are strong non-linear relationships 
between parameters measured and the rotor position to be estimated and that makes 
calculation of the rotor position complicated. 
The proposed two sensorless SRM methods in this paper enable us to eliminate the 
sensor through injecting a signal in an SRM and detecting the induced signal over electric 
couplings in the motor in such a manner that the introduced signal theoretically does not 
interfere with the torque-generating current. With these methods, there is no need for 
complex inference nor calculation. One of these methods uses flux couplings between the 
windings, which depends on the rotor position. The other method makes use of a change 
in the capacitance between the stator and rotor salients in accordance with the rotor 
position change. Some simulations and experiments show the effectiveness of the 
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図 1.1 スイッチトリラクタンスモータの例 
Digi-key BibliotecaDeArticulos より抜粋 

















































































































































































































図 1.4 ロータリエンコーダの製品例 
ネミコン株式会社 HP より抜粋 
URL http://www.nemicon.co.jp/nemicon/recruit/fresh/encoder/index.php 
表 1.4 ロータ位置センサの分類 















































































݁ = ݀ܰ߮݀ݐ  















図 2.1 2 極 2 スロット SRM 
ܧ௘ = න
݀ܰ߮(ݐ)















ܧ௙หఏୀఏభ = න ݁݅ ݀ݐ = න ܨ
ఝభ
଴
݀߮ = 面積(ܱܤܧܱ) 




















































ܧ௙หఏୀఏమ = න ܨ
ఝమ
଴
݀߮ = 面積(ܱܥܦܱ) 
ܧ௘|ఏభ→ఏమ = න ݒ݅ ݀ݐ = න ܨ ݀߮
ఝమ
ఝభ
 = 面積(ܧܤܥܦܧ) 
ܧ௘|ఏభ→ఏమ = Δܧ௙ + Δܧ௠ 
Δܧ௙ = ܧ௙หఏୀఏమ − ܧ௙หఏୀఏభ 
Δܧ௙= ܧ௙หఏభ→ఏమ − Δܧ௙ 
= 面積(ܧܤܥܦܧ) − 面積(ܱܥܦܱ) + 面積(ܱܤܧܱ) 
= 面積(ܱܤܥܱ) 




















ܰ݅，ܰ߮ = ܮ × ݅( Lはインダクタンス)を使った。ܫଵは巻線電流である。 
式(2.11)から，以下のことが言える。 





















































































































































































































































































































































































ロータの幅がステータの幅より広い場合も同様である。この区間では−ߠ௔ < ߠ <
ߠ௔とする。 
図 3.5 静電容量 Cgのロータ角度との関係 























































































































表 3.2 シミュレーションで用いた SRM のモデル(SRM1) 














−ߠ௔ < ߠ < ߠ௔の区間ではロータ突極表面がすべてステータ突極表面に対向して
いる状態である。このとき，突極間静電容量は最大値Cgmaxとなる。ߠ௔ < ߠ < ߠ௕
あるいは−ߠ௕ < ߠ < −ߠ௔である，領域Bではロータ突極表面とステータ突極表面
が部分的に対向している領域である。 



















































表 3.3 SRM モデル（SRM1)の容量値 
項目 記号 仕様 単位
最大突極間静電容量 81 pF
寄生容量（オフセット容量） 5.0 pF




ߝ௥ = 1.00  ··································································· (3.3)





































ܥ = ܥ௚ + ܥௌ 



















図 3.12 C を変化させたときの電流の周波数特性 
図 3.11 漏れインダクタンスによる等価回路 
A
B





































を得る。ここで，݁ = ݁൫ܳ(ݐ)൯より，置換積分の公式を用いた。 
ܧ௘ = න ݁݅ ݀ݐ 
݅ = ݀ܳ݀ݐ  
ܧ௘ = න ݁݅ ݀ = න ݁(ܳ)
݀ܳ





 ········································ (3.12) 
 ························································ (3.13) 
図3.13はロータの回転角度ߠをパラメータとして電荷ܳと突極間に印加される
電圧eの関係をプロットしたものである。 















ܧொหఏୀఏభ = න ݁
ொభ
଴
(ܳ)݀ܳ = 面積(ܱܤܧܱ) 




ܧ௘|ఏభ→ఏమ = 面積(ܧܤܥܦܧ) 










 ···················································· (3.14) 






































ܧ௘|ఏభ→ఏమ = Δܧொ + Δܧ௠ 
Δܧொ = ܧொหఏୀఏమ − ܧொหఏୀఏభ 
Δܧ௠= ܧ௘|ఏభ→ఏమ − Δܧொ 
= 面積(ܧܤܥܦܧ) − 面積(ܱܥܦܱ) + 面積(ܱܤܧܱ) 
= 面積(ܱܤܥܱ)  ····················································· (3.16)


























































݅(ݐ) = Gݒ(ݐ) + ݀݀ݐ ܳ = Gݒ(ݐ) +
݀
݀ݐ ൫ܥ(ݐ)ݒ(ݐ)൯ 
= Gݒ(ݐ) + ݀ܥ(ݐ)݀ݐ ݒ(ݐ) + ܥ
݀ݒ(ݐ)
݀ݐ  
= Gݒ(ݐ) + ݀ܥ(ߠ)݀ߠ
݀ߠ


















式(3.19)に߱௠ = ௗఏௗ௧（߱௠ቂrad sൗ ቃは機械角速度）を代入して， 
  
 ································ (3.19)


























߱௠ = 10,500ሾrad s⁄ ሿ，ロータの回転速度100,000[min-1] 
߱௖ ≅ 6.3 × 10଻ሾrad s⁄ ሿ，突極間静電容量測定用信号源周波数 














݀ߠ ቇ ≅ 0.0147 ≪ 1 
݅(ݐ) = Gݒ(ݐ) + ߱݉ݒ(ݐ) ݀ܥ(ߠ)݀ߠ + ܥ
݀ݒ(ݐ)
݀ݐ   ·····································(3.20) 
ሶܸ = ห ሶܸ ห݁୨ఠ೎௧ 
ܫሶ = G ሶܸ + ߱௠ ሶܸ
݀ܥ(ߠ)
݀ߠ + j߱௖ܥ ሶܸ  
= G ሶܸ + ሶܸ ቆ߱௠
݀ܥ(ߠ)
݀ߠ + j߱௖ܥቇ 



















































































図 3.17 突極間静電容量計測回路の SPICE シミュレーションモデル 








































































































































































































































ݒ௡ = ݎ௡݅௡ +
݀ߔ௡
݀ݐ  










































対称的な4極6スロットSRMの場合において，tを0を含む整数（ݐ = 0, ±1, ±2, …）
とすれば， 
 
ݒ௡ = ݎ௡݅௡ +
݀



















ݒ௡ = ݎ௡݅௡ + ൝ܮ௡
݀݅௡














































ۍ ܮଵ ܯଵଶ ܯଵଷ ܯଵସ ܯଵହ ܯଵ଺ܯଶଵ ܮଶ ܯଶଷ ܯଶସ ܯଶହ ܯଶ଺
ܯଷଵ ܯଷଶ ܮଷ ܯଷସ ܯଷହ ܯଷ଺
ܯସଵ ܯସଶ ܯସଷ ܮସ ܯସହ ܯସ଺
ܯହଵ ܯହଶ ܯହଷ ܯହସ ܮହ ܯହ଺















































ۍ ܮଵ ܯଵଶ ܯଵଷ ܯଵସ ܯଵହ ܯଵ଺ܯଶଵ ܮଶ ܯଶଷ ܯଶସ ܯଶହ ܯଶ଺
ܯଷଵ ܯଷଶ ܮଷ ܯଷସ ܯଷହ ܯଷ଺
ܯସଵ ܯସଶ ܯସଷ ܮସ ܯସହ ܯସ଺
ܯହଵ ܯହଶ ܯହଷ ܯହସ ܮହ ܯହ଺



































































関係はܯଵଶ ∙ ܯସହ間と同様であるので，ܯଶସとܯଵହは等しい。したがって， 
ܯ௠௡(ߠ) = ܯ௡௠ ቀߠ + ݐ
ߨ
2ቁ 





























 ·································································· (4.15) 
 ·································································· (4.16) 







































ܯଵଶ = ܯସହ  ·································································· (4.13) 
ܯଶସ = ܯଵହ  ·································································· (4.14) 










ݒ௕௕ = ݒଶ + ݒହ = 0 
݅ଵ = ݅ସ 








 ································································· (4.21) 
 ································································· (4.22) 
 ································································· (4.23) 
 
ܫሶ௔ = ݅௣݁௝ఠ௧ 
 













































݀ߠ + ݆ൠ  ····································· (4.20) 
ݒ௕௕ = ݒଶ + ݒହ = 0 









 ································································· (4.24) 













































ݒ௕௕ = ݒଶ + ݒହ = 2ܯ௔௕
݀݅௔
݀ݐ   ·················································(4.26)
ݒ௖௖ = ݒଷ + ݒ଺ = 2ܯ௔௕(−ߠ)
݀݅௔
݀ݐ   ········································· (4.27)
ܮ஼(ߠ) =
1


















































ଶ  ································································ (4.30)






































































































































図 4.6 CMN を用いた場合の相間信号ゲイン 
ゲイン
A相整列
















݅௡(ݐ) = ଵ௅೙(ఏ) ׬ ݒ௡(ݐ)݀ݐ −
ଵ
௅೙(ఏ)
∑ ܯ௡௞(ߠ)݅௞(ݐ)௞ஷ௡   ·················· (4.34) 
 
ここで，݇ = 1, 2, … , 6である。図4.7において，B1は流れる電流Iが次式で決定さ
れる抵抗として振舞う。 
 
ܫ = (௏ಿ భି௏ಿ మ)௏ೇೃ  ··································································· (4.35) 
 




















































































































































































































































































表 4.1 静止状態におけるロータ位置検出 
図 4.16 検波波形の静止角度位置による検波電圧波形 
ロータ位置名 1 2 3 4 5 6 7 8 9 A B C
ロータ電気角[deg] -45 -30 -15 0 15 30
A相信号励振 X 1 1 1 1 1 X 0 0 0 0 0
B相信号励振 0 0 0 0 X 1 1 1 1 1 X 0
C相信号励振 1 1 X 0 0 0 0 0 X 1 1 1
回転のために励振する相 C C A A A A B B B B C C
X:実線 , 1: 実線 破線 ,  0:実線
電気角周期
































































































Hold in state 2 Hold in state 3
























































(a) State change diagram of the test setup. 
(b)Commutating chart of the test setup. 




























































図 4.21 A 相で信号励振した場合の B 相 C 相の CMN の検出波形（SRM3） 
(a) ߠ=80°における B 相，C 相の CMN 出力波形 単位[V] 



























表 4.3 実験に用いた SRM の諸元（SRM4) 
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